Boji population density was recently estimated at 104 inhabitants/km 2 (5) . The dominant agricultural system is a sedentary, highly integrated crop-livestock farming system (24) . The farmers belong to the Oromo ethnic group; most of them are smallholders -83% of the farms in West Wellega zone cover less than two hectares (14) . About 50% of them keep cattle (unpublished report from ILRI, Addis Ababa, Ethiopia, 2003), mainly of the Horro breed of the Sanga-Zebu type (1) . The animals are of medium size and have a uniformly reddish brown coat.
Cattle herds have a small size (mean = 8 animals; range = [1, 45] ; unpublished report from ILRI, Addis Ababa, Ethiopia, 2003) . Almost 20% of the herds are composed of one or two animals, which are kept within the farm. In larger herds (80% of the herds), the weaned animals (older than nine months) are kept at night in open temporary paddocks (called della) built around the farms. During the day, they graze on pastures or on crop residues during harvest time under the guidance of a herder. Suckling calves are kept away from the main herd and sleep inside the farm at night. They have no contact with mature animals except during milking.
Animals are used for agricultural activities (draft, threshing and trampling), manure, milk and meat production. The loaning of animals between farmers is frequent and different types of contracts are encountered: fattening for manure (dereba, covering a period of a few months); ploughing for adult males (goubo, covering a few days to a few weeks); and herding (covering several years) (24) .
The farmers divide the year into four cultural seasons: bona (December to February), arfassa (March to May), gana (June to August) and birra (September to November). Animals are used for agricultural activities throughout the year although the most intensive periods of usage are the arfassa and gana seasons (ploughing for maize, sorghum and teff) and the bona season (threshing of teff and ploughing for maize in the lower damp gullies) (24) .
Herd selection
Information meetings were organized in Boji District with veterinary services and peasant associations to explain the goal of the survey. In particular, farmers were provided with veterinary information on CBPP and they were made aware that the study was targeted on within-herd CBPP spread. Incentive measures were proposed to farmers to participate in the survey: at the end of the herd monitoring period, any sick animal would be treated and vaccination against CBPP would be organized for monitored herds. No restriction was applied to farmers' management practices (cattle utilization and importation, disease prevention measures, cattle medical treatment, etc.). All the herds of the farmers who volunteered to be involved in the study were visited. Herds were finally selected according to two primary criteria: (i) they comprised at least five owned animals (excluding borrowed cattle) at the beginning of the monitoring period to ensure survey continuity at the herd level; (ii) those newly contaminated were searched using farmers' interviews (report of recent cattle death caused by respiratory disease) and slide agglutination tests on any cattle presenting respiratory symptoms (33) . In addition, other herds (presumably CBPP-free) were selected. The overall herdsample size was determined by the available financial, human and material means. All monitored herds were selected in a 20-kmdiameter circle around Bila, Boji District main town.
Herd monitoring
Each selected herd was monitored for a period of 12 to 18 months, between June 2000 and December 2001. Herd monitoring was set up according to the Panurge method (9, 10) . Each animal was eartagged for permanent identification. Three teams of two enumerators visited the herds every two weeks to record demographic events (birth, mortality, offtake and intake), clinical signs of sick animals, and type and cost of veterinary care. The birth date and parity of animals born outside of the herd or the monitoring period (animals in the herd at the start of the monitoring period and animals that entered the herd through purchase or loan) were estimated with farmers' interviews. In case of death, a postmortem diagnosis was established by the veterinary supervisors according to the clinical signs reported by farmers and enumerators, and, whenever possible, a necropsy examination was carried out. For this latter case, lungs and chest cavity were examined to reveal whether or not CBPP caused the death. Blood samples were collected every three months from all animals to determine their serological CBPP status. Any animal showing respiratory symptoms and any animal entering a herd (loan, purchase) was also sampled. All available information was entered and validated in relational database management systems with graphical user interfaces specifically designed for herd monitoring and serological data management (3, 19) . 
Data
Seventy-one herds were monitored (1700 head of cattle). Data were limited to the annual period between December 2000 and November 2001 (all herds were monitored for 12 months during this period, which ensured data homogeneity). The mean herd size (including calves kept at home) was 15.3 head of cattle and ranged from 4 to 31. The interquartile range was [10, 20] .
According to serological results obtained by a competitive ELISA test (26) , clinical symptoms, and necropsies, 15 out of the 71 herds were classified as infected with CBPP (unpublished results). The results reported here were recorded on the whole sample (71 herds), irrespective of their CBPP status.
Demographic parameters estimation
Demographic parameters for calving, natural mortality, offtakes and intakes were defined as hazard rates. Offtakes were divided between slaughterings, sales and loans of animals between farmers. Intakes were divided between purchases and loans. For loans, two exit and two entry reasons were considered: -the loan of the animal to another farmer (coded DEC); -the return of an animal to the herd of origin (coded FIC); -the arrival of an animal on loan (coded ARC); -the return of an animal that was previously on loan (coded REC).
These four reasons (DEC, FIC, ARC and REC) were considered separately.
For a homogeneous set of individuals, the rate µ (assumed constant within an age class) of a specific event (e.g. natural death) was estimated by the ratio y / T, where y was the number of observed cases of this event (e.g. the number of natural deaths) and T the total time at risk (25) . A log-linear model was used to estimate the rates for the different demographic events according to a set of explanatory variables (17, 21) :
where x i is a vector describing the explanatory-variable pattern i (i.e. a unique combination of the modalities of the different explanatory variables), β the vector of the corresponding parameters, and m i and T i , the expected number of cases and the total time at risk (animal-year) for the explanatory-variable pattern i. The equation may be written as:
Considering log(T i ) as an "offset" (i.e. as a fixed and known parameter) and assuming that m i was generated from a Poisson law, this model was adjusted with standard algorithms for loglinear models. Rates were estimated by:
In the study, the explanatory variables were:
-the season (bona: December to February; arfassa: March to May; gana: June to August; or birra: September to November); -the sex of the animals (female or male); -the age class of the animals. Exact ages were used (e.g. two years old represented 730 days): suckling calves (age ≤ 9 months), subadults (9 months < age ≤ 4 years), adults (cows, bulls and oxen; age > 4 years); -the CBPP herd status (infected or non-infected) for the natural mortality rate of weaned animals -the CBPP effect was not considered for suckling calves, which have low susceptibility and do not develop the severe pulmonary form (31) .
For each type of demographic event, the best model was selected based on Akaike's information criterion (AIC: "smaller is better").
AIC allows the selection of parsimonious models achieving a compromise between the variance and the bias of the parameter estimators (2) . A set of models was defined for each rate, composed of a "complete" model (including all the explanatory variables and their first-order interactions) and of all the simpler, nested submodels. In each set, the model with the minimum AIC was retained. For the selected models, the significance of the variables was checked with likelihood ratio tests (LRT). Finally, their global adequacy was checked with a Chi-square test of goodness of fit (28) .
Sensitivity of calving rates
During the monitoring period, many cows (loaned to nonmonitored farmers) returned to their originating herd just after calving. This practice might lower the estimated value of the calving rate because calvings not observed within the monitored herds were not taken into account. Three adjusted values were calculated to assess the sensitivity of the calving rate: the number of calves along with their mothers in the monitored herds due to loaning reasons and aged between 0 and 30 days, 0 and 60 days and 0 and 180 days (7, 9 and 17% of the observed calvings, respectively) were added to the number of observed calvings.
■ RESULTS

Herd structure
Calves, subadults, cows and bulls-oxen represented 13, 26, 40 and 21% of the cattle under study, respectively. The total percentage of females was 61%. The age structure dropped after one year and remained at the same level until five years ( Figure 2 ). Higher ageclass sizes were then encountered until eight years for females, and sizes regularly dropped afterwards. Animals older than 12 years represented less than 2% of the studied sample. Seasonal variations were low in the sex and age structures (the betweenseason differences were less than 1%).
Reproduction
The farmers reported neither abortion nor stillbirths during monitoring. There were no multiple births either. Thirty-four observed calvings were declared as being the first ones. The estimated density of probability function of age at first calving ( Figure 3 ) showed a peak between 5 and 6 years (47% of calvings) thus showing a strong synchronization of heifers in age of first calving. Only two of these calvings were observed before 4 years of age and three were observed after the age of 7 years (the maximum observed value was 9.7 years). The estimated mean age at first calving was 5.8 years (S.E. = 0.2; median = 5.6 years).
The season was retained in the AIC-best statistical model for calving rates (Table I) . Calving distribution was unimodal throughout the year (Figure 4 ). The highest rates were observed between September and January (birra and bona seasons). The global calving rate (average over the year) was 0.37 years -1 (S.E. = 0.03). The adjusted calving rates remained relatively poor: 0.40, 0.41 et 0.44 years -1 , respectively.
Natural mortality
The CBPP status at the herd level was not retained in the AIC-best statistical model including weaned animals (LRT of the status effect was not significant, P = 0.63). The AIC-best model including all age groups was additive between age and season (Table II) . The estimated natural mortality rates by age group (average over the year) were 0.21 (S.E. = 0.04), 0.13 (S.E. = 0.02) and 0.04 year -1 (S.E. = 0.01) for the calves, subadults and adults, respectively (Table III ). The highest rates were observed during the bona and arfassa seasons (mid and end of the dry season). They were 1.8 and 2.6 higher than in the birra season, which showed the lowest rates.
Offtakes and intakes of animals in the herds
Slaughtering
Few slaughterings occurred during the survey period: only nine animals (seven females and two males, all older than four years).
The AIC-best model did not include the season nor the sex. The estimated slaughtering rate for adults was 0.01 year -1 (S.E. < 0.01).
Sales and purchases
The AIC-best model for purchases only included the sex and age. The model for sales was more complex (Table I) . Sales and purchases of calves were rare (one calf for each category during the year). Globally, there were more sales than purchases; the ratios of sale rates to purchase rates varied from 1.4 to 1.8 for subadults and adults, respectively (Tables II and III) . The highest sale rates were observed for bulls and oxen (0.16 year -1 , S.E. = 0.03) (Table III) . The sales of males showed more seasonal variations than those of females, with a peak during the arfassa season. No seasonal effect was observed in purchases.
Loans between farmers
In general, the AIC-best models related to loans showed interactions between season, sex and age (Table I) . Only the main patterns are presented here.
On average, the sampled farmers gave more animals for loaning than they acquired through loaning. For example, the rates associated with male exit due to loans (DEC) were higher than those associated with entry due to loans (ARC): the ratio of DEC rates to ARC rates were 1. 
Table III
Estimated rates (year -1 ) of intakes by sex and age group in the monitored herds a Standard error T = total; F = females; M = males ARC: arrival of an animal on loan; REC: return of an animal that was previously on loan adults, respectively. The same trend was also observed to a lesser extent for females (with a ratio of 1.7 for weaned females).
The highest rates associated with exit due to loans (DEC) were observed for subadults, while the highest rates associated with entry due to return from loans (REC) were observed for adults ( Figure 5 ).
As for sales, the rates of exit (DEC plus FIC) and entry (ARC plus REC) for males were higher than those for females (except for calves). For subadults and adults, the male-female ratios for exit rates were 1.3 and 1.4, respectively (Table II) , and for entry rates 1.1 and 1.6, respectively (Table III) .
The highest seasonal variability in exit rates due to loans (DEC) was observed for adults ( Figure 6 ). For cows, the highest rate was observed during the birra season. For bulls and oxen, they were observed during the arfassa and birra seasons.
Comparison of causes of exit of animals from herds
For all age groups, the loan of animals represented the most frequent cause of exit from the herd. For example, almost 36% of the animals older than nine months left the herds during the year for loan (the percentages were calculated from rates given in table II) .
Among the calves and subadults, natural mortality was the second cause of exit from the herd (17 and 9% of the animals in the year, respectively), followed by sale. The reverse was observed for adults: 7% of adults were sold in the year against 3% due to mortality. Slaughtering was negligible (only 1% of the adults were slaughtered during the year).
■ DISCUSSION
Herd sampling design
A purposive sampling frame was used to select the herds included in the survey. They were selected according to their size, CBPP status and farmers' willingness to cooperate. The mean herd size monitored was twice higher than the average herd size in Boji District. CBPP herd prevalence (proportion of infected herds) in the monitored herds was about 20% (unpublished results) and probably higher than that in the district (although the district herd prevalence was unknown at the time the manuscript was written). The potential effects of the sampling design on the estimated ageby-sex structures and loans, natural mortality and reproduction rates are discussed thereafter.
Animal loans between farmers
The loaning of animals between farmers was the primary cause for exit and entry of animals within herds and is an important aspect of the agricultural system in the area (24) . This was different from the results reported by Mukasa-Mugerwa (30) for the cattle livestock in the central zone of the highlands (Ada District), where natural mortality was reported as the primary cause of exit.
Seasonal variations of loan rates showed complex and various patterns between sex and age groups. These complex patterns were the result of the diversity of loan types in the area and farmers' behavior. Regarding males, the seasonal peak of loans was associated with the goubo contracts. Regarding sales, it was observed during the arfassa (March to May) and birra (September to November) seasons, just before the two intensive ploughing periods (April to July for maize, sorghum and teff, and December to January for maize in the lower damp gullies) (24) . Regarding subadult females and males, most of exit for loans (derebas) were observed out of the gana season (rainy season), when pastures are less abundant.
In principle, if the herd sampling design was random and loans were only practiced between farmers of the study area, then exit due to loans (DEC) and entry due to loans (ARC) in the sample should have been roughly equal throughout the year. The same should have been observed for exit due to end of loans (FIC) and entry due to return from loans (REC). Globally, results presented in Tables II and III did not follow this pattern. Loan exit rates of animals were higher than loan entry rates: the monitored farmers were more loaners than receivers of animals. We believe that a significant part of loaned animals were sent to farms without or with few owned animals (for manure and ploughing or others contracts). This type of farms was not included in the sample in accordance with the epidemiological goal of the study. Another group of animals could have been sent out of the study area, especially in the lowland areas, north of Boji District, and have had more abundant pastures (24) . At last, because a recently CBPP-infected area was purposively selected, such a pattern might also be related to a disease-escape strategy adopted by the farmers.
Age-by-sex cattle population structure
The percentage of female cattle in the sample (61%) was lower than in farming systems where agricultural activities are lesser or null (about 65%) (7) . However, it was greater than those found in intensive livestock production systems using animal draft. De Leeuw and Wilson (8) reported a value of 53% in an agropastoral system in Mali. In some districts of the highlands which use cattle for agricultural activities, the percentage of females may be as low as 37% (30) . Although the study area is characterized by a strong integration of crop and animal production, this intermediary percentage (in addition to the relatively high herd sizes compared to other smallholder systems in Ethiopia) expresses a strong tradition of Oromo farmers' livestock composition in Boji District.
The percentage of reproductive females (40% of females older than four years or 44% of females older than three years) matched the range reported by de Leeuw and Wilson (8) in pastoral and agropastoral African livestock production systems (40 to 45%).
A noticeable feature was the drop of the age structure of females and males aged between 1 and 5 years. It was stable throughout the year and could not be associated to a seasonal phenomenon. This type of drop is generally described as a non-equilibrated age structure, due for example to high mortalities having affected the first age groups or to a high drop of fecundity during the years preceding the monitoring study (23) . It might also be due to biases in age estimation leading to the size of some age groups being overestimated or underestimated. However, the highest rate of exit due to loan (DEC) was observed between 1 and 2 years of age and the highest rate of entry due to loan (REC) was observed for cattle older than 4 years. The drop observed in the age structure might then be associated to loans to other farms of animals not yet productive (long-term herding contract) (24) and which returned to their herd of origin three or four years later. Thus, the observed pattern might correspond to an uncommon equilibrated age structure.
Reproduction
The estimated mean age at first calving for cattle in Boji District (5.8 years) was coherent with some values reported for similar Ethiopian farming systems. For example, in the neighboring highlands of Boji District, Dadi et al. (6) reported a mean age at first calving greater than five years. This was also coherent with values reported for zebu breeds of large size (7) . Nevertheless, it was higher than the 4. The reliability of the estimation of the mean age at first calving depends on the correct identification of the calving rank of the monitored females and on the accurate estimation of their birth date. The authors' view is that errors on the identification of first calving were small in this study. Errors on birth dates were probably more frequent, especially for females older than five years. Nevertheless, the authors believe that these errors did not exceed six months on average during the monitoring.
In African semiarid zones, when reproduction is not controlled, the fecundation peak is primarily related to the feeding conditions of reproductive females (35) . In Boji, the highest calving rates (November and December) corresponded to fecundations in February and March. This period was the end of the dry season and the most unfavorable period during the year (few pastures and crop residues) (24) . Farmers explained this peak by the agricultural uses of bulls and their poor availability before February: from November to January, bulls are intensively used for ploughing activities and trampling (24) . This effect was already noticed by Dadi et al. (6) in Bako region. A better management of reproduction, particularly of bulls' availability, may significantly enhance herd productivity in the studied system. In the literature, calving rate estimations are often reported globally for the group of "reproductive" or "mature" cows. Different definitions were given for this category, according to the livestock production system and the authors. For example, de Leeuw and Wilson (8) considered as mature the cows older than three years. Other authors did not define them (30) . In this study, reproductive cows were defined as those older than four years because only two calvings were observed before this age. The choice of this threshold age is important because it may result in major differences in calving rates (and also in the percentage of reproductive females in the herds). In the present study, the estimated calving rate ranged from 0.34 year -1 for cows older than 3 years to 0.37 and 0.40 year -1 for cows older than 4 and 5 years, respectively. One alternative to global calving rate estimation would be to report results based on annual age groups (12) .
Natural mortality
The CBPP herd status had no significant effect on the global mortality of weaned animals in the herds. This result was related to the relatively low incidence, morbidity and fatality-case rates observed in CBPP-infected herds (unpublished results). In these herds, 36% of weaned animals were infected at the end of the year and 39% of them showed clinical signs. According to a casefatality rate of 13%, annual CBPP mortality in the herds should be approximately 1.8%, which was not detected in the analysis (lack of statistical power due to an insufficient sample size).
No sex effect was observed, as also reported by Kebede et al. (20) for Horro calves on a research station. The highest mortality rates were observed during the arfassa season (end of the dry season and period of welding). This might be related to a nutritional deficiency of animals, as in other livestock production systems (8) .
Annual mortality of calves and adults (17 and 3%, respectively) was of the same magnitude as those reported in agropastoral systems in Nigeria and Mali by de Leeuw and Wilson (8) (15-17% for calves and 4-5% for cows). In smallholder dairy farms in Kenya, Gitau et al. (15) found a higher value for calf mortality (22%). The only reference found on natural mortality in on-farm studies in Ethiopian highlands was that of Mukasa-Mugerwa et al. (30) . They reported annual mortalities of 7% for calves, 4% for growing heifers, 5% for growing bulls, 4% for cows and 2% for oxen. These values were lower than those observed in the monitored herds for calves and subadults (17 and 9%, respectively). The higher rates observed in Boji District might be due to the existence of large forests and the frequent attack of cattle by wild animals (hyena, panthers), which represented 41% of the mortality during the monitoring period.
Between-herd variability
The between-farm variability was not tackled. For this purpose, many factors might have been taken into account such as herd management practices, herd size, household features, socioeconomic activities of the farmer, distance from the farms to the market or to the grazing pastures and the epidemiological status of the herds. Different statistical methods are available to analyze between-farm variability, and for livestock applications in particular (11, 22, 29) : multivariate analysis methods (e.g. principal component analysis or correspondence analysis) to cluster the farmers or regression mixed models to test factors of interest including herd effects. The between-farm variability in Boji District will be studied in a subsequent paper.
